With the advent of new technological advancements, our understanding of the gut microbes, their functionality and their roles in critical illness has advanced greatly. The microbiome of ICU patients is characterised by a loss of diversity, site specificity, microbial richness and overgrowth of pathogens, inclining towards a single taxon [1, 2] . Despite a lag in understanding behind application, an emerging number of studies now focus on the use of probiotics as offering promise to ICU patients for the prevention of antibiotic-associated diarrhoea, Clostridium difficile infections, multi-organ dysfunction, sepsis in neonates and-most notablyventilator-associated pneumonia (VAP) [3] [4] [5] .
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VAP is an important cause of morbidity and mortality in mechanically ventilated patients and responsible for between 24 and 47% of ICU acquired infections [6] . Despite a plethora of existing VAP prevention strategies, results have been disappointing [7] . An emerging number of studies now focus on the use of probiotics for the prevention of VAP [3, 4] . However, despite optimistic results, some believe the growing interest in the microbiota has spawned an explanatory hype as the essence for understanding otherwise unexplainable phenomenon. Hence key questions require answers: Does it work? And if so, what is the mechanism? And most importantly, is it safe?
Does it work? A number of clinical trials and meta-analysis focusing on probiotics and critical illness, not least VAP, have been published over recent years [8] . A Cochrane review of probiotic therapy for VAP found a reduction in incidence, although evidence was of low quality [9] . The analysis of eight RCTs with a total 1083 participants showed that the use of probiotics decreased the incidence of VAP (odds ratio 0.70, 95% confidence interval 0.52 to 0.95, low-quality evidence) [9] . However, the aggregated results were uncertain for ICU mortality. Another more recent meta-analysis by Weng et al, from 13 RCTs (n = 1969) had similar findings. Again, they found no difference in length of ICU/hospital stay or duration of mechanical ventilation [7] . These meta-analyses suffer from inclusion of trials of low quality, significant between-study heterogeneity and-with the limited number of inclusions-failed to detect any publication bias which affects precision of findings [7] . Furthermore, the baseline incidence of VAP as well as the VAP definitions used can vary markedly between studies. Not least, there are large variations in probiotic strains used, dosing schema as well as route of administration.
Most recently, Shimizu et al. looked at the ability of synbiotics (that is a prebiotic plus a probiotic) to reduce complications in VAP and modulate gut microbiota [10] . The symbiotic used was a combination of Bifidobacterium breve strain Yakult, Lactobacillus casei strain Shirota and galactooligosaccharides. Among the 72 mechanically ventilated septic patients who completed the trial, the incidence of VAP was 14.3% in the synbiotics group versus 48.6% in the no-synbiotic group (p < 0.05) [10] . Unfortunately, the apparently lower incidence of VAP did not translate to a lower use of antibiotics, difference in bacteraemia, ventilator-free days or mortality. Regrettably, this study only managed to recruit 127 patients of the intended 150, over 5 years, due to slow recruitment of septic patients or exclusion of some patients who were on other probiotics [10] . Taken together, and despite these limitations, the aggregate of the currently available low-level evidence suggests an overall beneficial effect of the use of probiotics in the prevention of VAP.
What is the mechanism? If the protective effects of probiotics in the prevention of VAP are indeed confirmed in larger trials, it remains to be seen how the probiotics assert their protective effects. Described favourable effects of probiotics include induction of host cell antimicrobial peptides, release of antimicrobial factors, suppression of immune cell proliferation, stimulation of IgA production, antioxidative activity, inhibition of epithelial NFκB activation and other epithelial barrier protective effects (see Fig. 1 ) [11] . It is questionable if probiotics however are able to aid in the recovery of gut microbiota in critically ill patients. Of interest is a recent study that examined the in-depth effects of multi-strain probiotics on post-antibiotic reconstitution of the human mucosal microbiome that showed that probiotics induced a markedly delayed and persistently incomplete indigenous stool/mucosal microbiome reconstitution. In other words, in some conditions, probiotics can perturb rather than aid in microbiota recovery [1] .
The safety of using probiotics in critically ill patients has not been fully established. This has been a concern ever since the publication of the PROPATRIA trial, which-although criticised on multiple fronts-showed an increased mortality in patients with predicted severe acute pancreatitis on probiotic prophylaxis [12] .
Resultantly, the Agency for Healthcare Research and Quality (AHRQ) commissioned a systematic review which concluded that although there does not appear to be an increased risk of adverse events with probiotic therapy in medium-risk and critically ill patients, reporting of adverse events is variable and current evidence does not provide specific answers to outstanding concerns of safety of probiotic therapy [13] .
Many questions remain before confidence in rolling out probiotic or synbiotic treatment to critical care patients wide scale. Certainly, evidence suggest significant benefit for reducing VAP, but the question remains why? Perhaps answering this will open up avenues for better targeted therapy with reduced risk of side effects. Although prokaryotic lineages contribute the vast majority of the gut microbiome by abundance, important players are also potentially missed as the eukarya and viral microbiome remain incompletely charted. Furthermore, at what dose, and can a single probiotic be used in all populations and geographies? Our experience from past critical care trials proves this will be unlikely. Hence, we need more large-scale studies which can team up with specialists in microbiome research to analyse the mechanisms behind such outcomes. Fig. 1 The gut-lung axis in ventilator-associated pneumonia (VAP) and proposed working mechanism of probiotics. IL interleukin, TGF-β transforming growth factor-β, SCFA short-chain fatty acids It has been over 100 years since Metchnikoff first hypothesised that the heavy consumption of cultured yogurt by Belgian peasants may somehow account for their remarkable health and longevity [14] . Today, probiotics are big business with worldwide sales exceeding $30 billion [14] . Thus, the future of probiotics lies not only in supplementing beneficial functionalities, but also in affording the essential ecological context to sustain them [1] . Therefore, it is imperative that with increasing antimicrobial resistance and stagnating antibiotic pipelines, we nurture innovative research without compromising patient safety. We encourage standardisation of probiotic trials and reporting, together with enhanced fundamental research to avoid the perils of a one-sizefits-all approach. 
